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Abstract 

Introduction: There is sparse knowledge of immediate adverse reactions following COVID-

19 vaccination. 

Objective: This study aimed to estimate the frequency and number of immediate adverse 

reactions following COVID-19 vaccination in a Danish population.

Methods: The study used data from the Danish population-based cohort study BiCoVac. The 

frequencies of 20 self-reported adverse reactions were estimated for each vaccine dose 

stratified by sex, age, and vaccine type. Also, the distributions of number of adverse reactions 

following each dose were estimated stratified by sex, age, vaccine type, and prior COVID-19 

infection.

Results: A total of 889,503 citizens were invited and 171,008 (19%) vaccinated individuals 

were included in the analysis. The most frequently reported adverse reaction following the first 

dose of COVID-19 vaccine was redness and/or pain at the injection site (20%) while following 

the second and third dose, tiredness was the most frequently reported adverse reaction (22% 

and 14%, respectively). Individuals aged 26-35 years, females, and those with a prior COVID-

19 infection were more likely to report adverse reactions compared with older individuals, 

males, and those with no prior COVID-19 infection, respectively. Following the first dose, 

individuals vaccinated with ChAdOx1-2 (AstraZeneca) reported more adverse reactions 

compared with individuals vaccinated with other vaccine types. Individuals vaccinated with 

mRNA-1273 (Moderna) reported more adverse reactions following the second and third dose 

compared with individuals vaccinated with BNT162b2 (Pfizer-BioNTech).
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Conclusion: The frequency of immediate adverse reactions was highest among females and 

younger persons, however, most of the Danish citizens did not experience immediate adverse 

reactions following COVID-19 vaccination. 

Keywords: COVID-19 vaccination, Adverse reactions
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Background

In January 2020 WHO declared COVID-19 an international crisis for public health (1). This 

led to several political and health-related initiatives (2, 3). In December 2020, the first COVID-

19 vaccine was authorized by the European Medicines Agency (EMA) (4) and within a few 

months, three other vaccine candidates were approved (5-7)

Development of a new vaccine is usually a process that takes several years. Due to the urgency 

of the COVID-19 pandemic, the vaccine development occurred at an accelerated rate. The 

implementation of COVID-19 vaccines was monitored closely by the authorities with 

registration of adverse reactions (AR) (8). Reports of thromboembolic events in individuals 

vaccinated with the ChAdOx1-2 vaccine led to a rapid assessment of adverse events using the 

Danish registers (9). As a reaction to the findings, the Danish authorities suspended the 

ChAdOx1-2 vaccine (10) and it was later excluded from the Danish vaccination program (11). 

Several studies have examined ARs to the different COVID-19 vaccine types (12-22). 

However, most of the published studies are small and many were conducted only among 

healthcare staff (15-20, 22), thus in selected populations, which are not representative for the 

general population. The most commonly reported ARs include pain at the injection site (12, 

13, 15, 17, 18, 20-22), headache (13-22), fatigue (12, 13, 16-18, 20-22), joint pain (15-18, 21, 

22), myalgia (15-17, 19-22), shiver/chills (16, 17, 20, 21), and fever (14, 16, 21, 22).

In the present study, we report the frequency of immediate ARs following COVID-19 

vaccination in Danish citizens and describe the distribution of the individual ARs as well as 
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number of immediate ARs by dose and according to predefined subgroups (sex, age, vaccine 

type, and prior COVID-19 infection).

Methods

Study setting

The study was conducted in the Danish general population. In Denmark, the COVID-19 

vaccines were introduced late December 2020 (23). Healthcare staff, citizens aged 65 and 

above, and citizens with increased risk of severe COVID-19 disease (e.g. severe chronic disease 

(24)) and their relatives were first in line for COVID-19 vaccines. Hereafter the COVID-19 

vaccines were gradually made available to all Danish adults, starting with the oldest age groups 

(25). Individuals above 18 years were recommended to take the third COVID-19 vaccine dose 

140 days after the second dose (26). 

The BiCoVac cohort 

BiCoVac is a Danish population-based cohort (27). The BiCoVac cohort was established to 

obtain information on immediate and long-term symptoms following COVID-19 vaccination. 

A random sample of Danish citizens, living in Denmark at the beginning of April 2021, and 

born between 1956 and 2004 were obtained from the Danish Central Person Register (25 % 

from each birth year). A total of 911,613 Danes aged 16-65 years were selected for the study. 

The baseline questionnaires were sent out through a national digital mail system (e-Boks) in 

May 2021.

The baseline questionnaire was timed to obtain information before the COVID-19 vaccines 

were made available for most Danes. The distribution of the first and second follow-up 

questionnaires was planned according to the vaccination plan so that most participants would 

have been offered their first and second dose at the time of the questionnaire. A third follow-
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up questionnaire was distributed approximately 1 year after baseline. Individuals aged 30-34 

years did not receive the third follow-up questionnaire, due to an error in the distribution. 

Participants were only invited for follow-up questionnaires if they had answered the previous 

questionnaire. The questionnaires were available in Danish, English, and Arabic. In the present 

study, participants could be included if they had received one or more COVID-19 vaccines, 

based on information from the questionnaires.

Variables 

The questionnaires contained information on 20 suspected ARs following COVID-19 

vaccination. For each dose of the vaccine,  participants were asked if they had experienced any 

of the following ARs in the week following vaccination: Redness and/or pain at the injection 

site, skin rash, nausea, vomiting, fever, shivering/chills, tiredness, general malaise, joint pain, 

muscle pain, headache, diarrhoea, dizziness, swollen lymph nodes, facial swelling, facial 

paralysis, pain in the arm and legs, allergic reaction, shortness of breath, or bruising/bleeding 

under the skin. Participants were provided with the following options for each of the ARs 1) 

No, 2) Yes, mild symptoms, 3) Yes, moderate symptoms, and 4) Yes, severe symptoms. For the 

analyses, we dichotomized the variables to having experienced the AR following vaccination 

(Yes, moderate symptoms or Yes, severe symptoms) or not having experienced the AR (No or 

Yes, mild symptoms). Based on information on the individual ARs, the number of ARs was 

calculated for each individual and categorized as 0, 1, 2-4, 5-9 or 10+ ARs. In the analyses for 

each dose, we only included individuals, who had provided information on all 20 ARs. 

The questionnaires also contained questions regarding COVID-19 infection and vaccine type 

(see the Appendix for detailed descriptions of these variables). Age and sex were available 

from the Central Person Register. Age was categorized into the following age groups 17-25, 

26-35, 36-45, 46-55, and 56+.
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Statistical analyses

Characteristics of the study population were described according to the vaccine doses by 

numbers and percentages. Further, frequencies of the individual ARs were estimated for each 

vaccine dose overall and stratified by sex, age group, and vaccine type, respectively. 

The distribution of number of ARs was estimated stratified by sex, age, vaccine type, and 

prior COVID-19 infection, respectively. Also, in sub-analyses, the analysis stratified on prior 

COVID-19 infection was further stratified on sex, age, and vaccine type, respectively (first 

and second vaccine dose only, due to small groups when stratifying on the third dose). 

Differences in distributions of numbers of ARs between groups were tested with a χ2 test. 

The frequency and number of ARs for the ChAdOx1-2 vaccine were only estimated for the 

first dose, because of few individuals having received the ChAdOx1-2 vaccine as their 

second or third dose.

Since the type of vaccine received varied by age and sex, a multiple logistic regression was 

used to estimate the relationship between odds of reporting 5 symptoms and above and sex, 

age, vaccine type, and prior COVID-19 infection (mutually adjusted). 

All analyses were made using Stata version 17.  

Ethics

The BiCoVac study was approved by the Danish Data Protection Agency under the Aarhus 

University comment agreement (journal number 2015-57-0002) and Aarhus University journal 

number 2016-051-000001, sequential number 2272 (25/3-2021). According to Danish 

legislation, ethical approval of survey studies based on questionnaires is not required.

Role of the funding source 
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TrygFonden had no role in the study design; in the collection, analysis, or interpretation of 

data; writing the report; or in the decision to submit the article for publication. 

Results 

Of the 911,613 individuals selected for the BiCoVac study, 22,110 individuals had no digital 

mailbox and were therefore not invited. In total, 889,503 individuals were invited to the 

BiCoVac study and 252,268 (28%) filled in the baseline questionnaire. Of these, 59% 

participated in the first follow-up, 43% participated in the second follow-up and 25% 

participated in the third follow-up. A total of 171,008 individuals responded to all ARs 

following the first COVID-19 vaccine dose. The corresponding numbers were 130,351 and 

54,903 for the second and third dose respectively (Figure 1). The number of individuals 

included in some of the analyses differs from these totals due to missing information on one or 

more variables or small groups (<5). 

The participation rate for the baseline questionnaire was 23% for males and 34% for women, 

and it increased with age ranging from 16%-47%. In the current study there was therefore a 

larger proportion of females and older individuals than in the invited population (Table 1). 

Most individuals received the BNT162b2 vaccine (79 %, 85 %, and 86 % for the first, second, 

and third dose, respectively), while few received the ChAdOx1-2 vaccine (10 %, <1 %, and <1 

%, respectively). Most individuals did not have a COVID-19 infection prior to receiving their 

COVID-19 vaccine. 

Frequencies of adverse reactions 

A total of 38 %, 36 %, and 25 % reported one or more ARs following the first, second, and 

third dose of COVID-19 vaccine, respectively (Figure 2). The proportion reporting severe 

symptoms was the same after both the first and second vaccine dose (11%), but it was lower 
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after the third dose (6%). The most frequently reported ARs were redness and/or pain at the 

injection site (Dose 1: 20 %, Dose 2: 15 %, Dose 3: 9%) and tiredness (Dose 1: 19 %, Dose 2: 

22 %, Dose 3: 14%).

The types of the most frequently reported ARs were similar for men and women. However, 

most ARs were reported more frequently by women than men (Supplementary figure 1). Also, 

the ARs reported were similar across age groups, although most ARs were reported more 

frequently by individuals younger than 36 years compared with the older age groups 

(Supplementary figure 2-4).  

The frequencies of each AR differed between the vaccine types: 53 % vaccinated with 

ChAdOx1-2 experienced tiredness after the first dose compared with 21 % for mRNA-1273 

and 14 % for BNT162b2 (Supplementary figure 5).

Number of adverse reactions 

Overall, women reported more ARs than men (Figure 3) and the number of ARs reported was 

generally lower for the higher age groups. This pattern was present for all vaccine doses (Figure 

4). 

Stratified by vaccine type, individuals vaccinated with ChAdOx1-2 reported more ARs 

following the first dose (71.7 % reported 1 or more and 6.5 % reported 10 or more ARs) 

compared with individuals vaccinated with BNT162b2 (32.1 % reported 1 or more and less 

than 0.4 % reported 10 or more ARs) and mRNA-1273 (51.3 % reported 1 or more and 0.8 % 

reported 10 or more ARs). Following the second and third dose, individuals vaccinated with 

mRNA-1273 reported more ARs compared with individuals vaccinated with BNT162b2 

(Figure 5). 
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In general, individuals with prior COVID-19 infection reported more ARs than those with no 

prior COVID-19 infection (Figure 6). This was also the case when further stratified for sex and 

vaccine type, respectively (Supplementary figures 6 and 7). The same pattern was observed for 

the first dose when stratified by age. However, there was no statistically significant difference 

in the number of ARs between those who had a prior COVID-19 infection and those who did 

not for the second dose for participants in age groups below 46 years of age (Supplementary 

figure 8). 

When mutually adjusting for sex, age, vaccine type, and prior COVID-19 infection, men and 

individuals with higher age had lower odds of reporting 5 or more ARs following COVID-19 

vaccination compared with women and individuals aged 16-25 years (Table 2). This pattern 

was observed for all vaccine doses. Individuals with a prior COVID-19 infection had higher 

odds of reporting 5 or more ARs compared with individuals with no prior COVID-19 infection 

(1. Dose: OR=2.79 (CI95% 2.61;2.99) 2. Dose: OR=1.52 (CI95% 1.41;1.64) 3. Dose: OR=1.59 

(CI95% 1.40;1.79)).     

Individuals vaccinated with ChAdOx1-2 and mRNA-1273 had higher odds (OR=15.51 

(CI95% 14.80;16.25) and OR=1.95 (CI95% 1.81;2.10), respectively) of reporting 5 or more 

ARs following the first vaccine dose compared with individuals vaccinated with BNT162b2. 

After the second and third dose individuals vaccinated with mRNA-1273 had higher odds than 

individuals vaccinated with BNT162b2.

Discussion 

The present study is one of the first large population-based studies in Denmark to investigate 

immediate ARs following the first, second, and third COVID-19 vaccine dose, respectively. 

The most frequently reported ARs following COVID-19 vaccination were redness and/or pain 

at the injection site after the first dose, and tiredness after the second and third dose. In general, 
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women reported more ARs than men and younger participants reported more ARs than older 

participants. These patterns were observed for all vaccine doses. Individuals with prior 

COVID-19 infection reported more ARs following COVID-19 vaccination than individuals 

with no prior COVID-19 infection. For the first dose, individuals who received ChAdOx1-2 

reported the most ARs compared to individuals receiving mRNA-1273 and BNT162b2.

Strengths and limitations

A strength of the study is the population-based design and large sample size of the BiCoVac 

cohort. Further, it is a strength that data was obtained during the pandemic and timed according 

to the implementation of the COVID-19 vaccine schedule in the general Danish population. 

However, this was also a limitation as vaccine schedules and recommendations were 

continuously adapted. Thus, despite efforts to distribute the questionnaires according to the 

vaccination schedule, questionnaires were not distributed according to the vaccination date for 

the specific individual, which could potentially increase the risk of recall bias. 

The BiCoVac cohort had a low response rate at baseline varying with age and sex of the invited 

individuals, with lowest participation among men and younger individuals. The study can 

therefore be subject to selection issues, which could affect both the overall prevalence of ARs 

in the population and in the comparison of subgroups. It can be speculated that individuals, 

who experience ARs are more likely to participate. This could lead to an overestimation of 

ARs. However, it could also be speculated that the low participation of particularly younger 

individuals may have caused an underestimation of the prevalence of ARs in the population, 

as we found more ARs in younger individuals. When comparing the prevalence of ARs after 

the third dose with that of the first and second dose, it is also important to bear in mind, that 

only few individuals aged 30-34 years were included in the analyses for the third dose. Also, 

the time from vaccination to answering the questionnaire on symptoms was longer for the third 
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vaccine dose compared with the first and second dose. Hence participants may have 

underestimated the prevalence of immediate symptoms after the third dose.    

The study aimed to describe the distributions of each AR and the number of ARs according to 

each dose with descriptive analyses. In addition, an adjusted analysis supported the pattern 

observed in the descriptive analyses. 

Comparison with other studies

Other studies found pain at the injection site (17, 18, 20-22), fatigue (16-18, 20-22), and 

headache (16-22) to be the most common ARs following COVID-19 vaccination. These studies 

mainly included health professionals and other selected populations and are thus potentially 

not directly comparable with our study in a general population. However, the types of ARs 

reported in these studies were similar to those identified in the present study. However, the 

proportions of the different ARs varied considerably in the literature: Previous studies report 

proportions of headache varying between 10 % and 45 % (16-20, 22), while the present study 

found proportions in headache between 7 % and 12 % depending on dose. These differences 

might be explained by different definitions of ARs (the present study only count moderate and 

severe symptoms), differences in sample sizes, and different study populations (all the studies 

have healthcare workers as their population) (16-20, 22). 

In correspondence with the present study, most previous studies found a higher frequency of 

symptoms in women compared with men (18, 20, 22) which could be due to women generally 

reporting more somatic symptoms than men (28). Also, in line with the present study, previous 

studies found that younger individuals reported more ARs than older individuals (18-20, 22). 

A study by Beatty et al. found that individuals vaccinated with mRNA-1273 experienced more 

ARs than individuals vaccinated with BNT162b2 (29), which corresponds with the finding that 

more individuals vaccinated with BNT162b2 presented with serological vaccine 
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hyporesponsiveness at day 90 compared with individuals vaccinated with mRNA-1273 (30). 

In the present study, a similar pattern was observed with more individuals reporting ARs 

following mRNA-1273 than following BNT162b2. A study in UK found that for the first dose, 

individuals vaccinated with ChAdOx1-2 reported systemic adverse effects more frequently 

than individuals vaccinated with BNT162b2. However, the opposite was found for local 

adverse effects (31). Similarly, another study found that individuals vaccinated with ChAdOx1-

2 reported systemic adverse events more frequently after the first dose than individuals 

vaccinated with mRNA-1273 and BNT162b2. After the second dose individuals vaccinated 

with mRNA-1273 reported systemic adverse events more frequent than individuals vaccinated 

with the two other types (32). The present study also found more frequent ARs following 

COVID-19 vaccination with ChAdOx1-2 at the first dose compared to mRNA-1273 and 

BNT162b2. We however did not have enough participants receiving ChAdOx1-2 to investigate 

immediate symptoms following the second and third dose of ChAdOx1-2.

We found that individuals with prior COVID-19 infection reported more ARs compared with 

individuals with no prior COVID-19 infection, which could reflect immunological recall (33). 

Similar findings were observed in other studies (19, 29, 34), but not all (18). A study among 

hospital workers found that individuals with prior COVID-19 infection were more likely to 

report symptoms after the first COVID-19 vaccine dose (but not the second dose) compared 

with individuals with no prior COVID-19 infection (35). A study among individuals in nursing 

homes did not find higher rates of more severe ARs in individuals with prior COVID-19 

infection than without prior COVID-19 infection (36), potentially due to a weaker 

immunological response in the elderly.

The prevalence of COVID-19 infection reported in the study and in the Danish population at 

the time was comparable. Hence the prevalence in the current study was between 5-8%, varying 
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with vaccine dose, compared with a prevalence between 5-13% in the general Danish 

population at the time most Danish citizens got vaccinated (May 2021-December 2021) (37).  

Conclusion

In this large population-based study, we found that the majority of individuals vaccinated did 

not experience the investigated immediate ARs following COVID-19 vaccination. Redness 

and/or pain at the injection site were the most frequently reported ARs following the first dose 

of COVID-19 vaccine. Tiredness was the most frequently reported AR following the second 

and third dose. Females, younger individuals, and those with a prior COVID-19 infection 

reported ARs more frequently. Individuals vaccinated with ChAdOx1-2 reported the most ARs 

and individuals vaccinated with BNT162b2 reported the least ARs.
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Figure 1. Flow chart



Side 20 af 27

Facial paralysis

Facial swelling

Allergic reation 

Vomiting

Shortness of breath

Bruising/bleeding under the skin

Swollen lymph nodes

Skin rash

Diarrhoea 

Dizziness

Nausea

Pain in the arms and legs

Shivering/chills

Joint pain

Fever

General malaise

Headache

Muscle pain

Tiredness

Redness and/or pain at the injection site

0% 5% 10% 15% 20% 25%

1. vaccine 2. vaccine 3. vaccine

Figure 2. Prevalence of reported individual moderate or severe adverse reactions following 

COVID-19 vaccination by vaccine dose.
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Figure 3. Percentage of respondents reporting 0, 1, 2-4, 5-9 or 10+ moderate or severe 

immediate adverse reactions following COVID-19 vaccination after first, second and third dose 

stratified by sex.

* p value < 0.001
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Figure 4. Percentage of respondents reporting 0, 1, 2-4, 5-9 or 10+ moderate or severe 

immediate adverse reactions following COVID-19 vaccination after first, second and third dose 

stratified by age.

* p value < 0.001
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Figure 5. Percentage of respondents reporting 0, 1, 2-4, 5-9 or 10+ moderate or severe 

immediate adverse reactions following COVID-19 vaccination after first, second and third dose 

stratified by vaccine type.

* p value < 0.001
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Figure 6. Percentage of respondents reporting 0, 1, 2-4, 5-9 or 10+ moderate or severe 

immediate adverse reactions following COVID-19 vaccination after first, second and third dose 

stratified by prior COVID-19 infection.

* p value < 0.001
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Table 1. Characteristics of the participants by vaccine dose.
1. vaccine N (%) 2. vaccine N (%) 3. vaccine N (%)

Sex
Men 64,849 (38) 47,223 (36) 20,783 (38)
Women 106,159 (62) 83,128 (64) 34,120 (62)

Age
17-25 10,640 (6) 6,525 (5) 1,779 (3)
26-35 16,039 (9) 11,711 (9) 2,027 (4)
36-45 24,558 (14) 18,758 (14) 6,839 (12)
46-55 48,404 (28) 36,863 (28) 16,635 (30)
56+ 71,367 (42) 56,494 (43) 27,623 (50)

Vaccine type
BNT162b2 134,632 (79) 110,870 (85) 47,425 (86)
mRNA-1273 16,623 (10) 17,914 (14) 6,690 (12)
ChAdOx1-2 16,921 (10) 463 (<1) 179 (<1)
Other/unknown 2,832 (2) 1,104 (1) 609 (1)

COVID-19 infection
Prior infection 9,283 (5) 7,216 (6) 4,498 (8)
No prior infection 146,898 (86) 111,101 (85) 42,220 (77)
Unknown 14,827 (9) 12,034 (9) 8,185 (15)
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Table 2. Odds ratios for reporting 5 or more immediate adverse reactions for vaccine type, sex, age and prior 
COVID-19 infection by vaccine dose.

1. vaccine 2. vaccine 3. vaccine
n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Vaccine type
BNT162b2 4033 (3) 1.00 6365 (6) 1.00 1633 (4) 1.00
mRNA-1273 1052 (7) 1.95 (1.81-2.10) 4551 (28) 5.12 (4.89-5.35) 695 (12) 3.08 (2.80-3.40)
ChAdOx1-2 5830 (38) 15.51 (14.80-

16.25)

Sex
Women 9054 (9) 1.00 8749 (12) 1.00 1886 (7) 1.00
Men 1861 (3) 0.51 (0.48-0.54) 2167 (5) 0.44 (0.42-0.46) 442 (3) 0.40 (0.36-0.44)

Age
16-25 1050 (11) 1.00 799 (14) 1.00 116 (8) 1.00
26-35 1674 (12) 0.83 (0.76-0.92) 2153 (20) 0.97 (0.89-1.07) 171 (12) 1.06 (0.82-1.36)
36-45 2012 (9) 0.65 (0.59-0.71) 2151 (13) 0.79 (0.72-0.87) 380 (7) 0.78 (0.63-0.97)
46-55 3002 (7) 0.55 (0.50-0.59) 2691 (8) 0.58 (0.53-0.64) 719 (5) 0.70 (0.57-0.86)
56+ 3177 (5) 0.43 (0.39-0.46) 3122 (6) 0.43 (0.39-0.47) 942 (4) 0.55 (0.45-0.67)

COVID-19 
infection
No prior infection 9486 (7) 1.00 9964 (9) 1.00 1983 (5) 1.00
Prior infection 1429 (16) 2.79 (2.61-2.99) 952 (13) 1.52 (1.41-1.64) 345 (8) 1.59 (1.40-1.79)
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